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(57) ABSTRACT

In a fuel cell system of the present invention, a reformed gas
generated in a reformer (R1) being activated is supplied to a
fuel cell stack (F1), and an off-gas discharged from the fuel
cell stack (F1) is supplied to a heat supply device (B2) pro-
vided for a reformer (R2) being deactivated. By activating at
least one reformer (Rn), all of a plurality of reformers (Rn)
can be warmed-up. Therefore, energy consumption in a
standby state can be suppressed, and the fuel cell system can
be started-up quickly in emergencies. The reformed gas may
be supplied to the heat supply device (B2) instead of the
off-gas.
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FUEL CELL SYSTEM AND OPERATION
METHOD THEREOF

RELATED APPLICATIONS

This application is the U.S. National Phase under 35 U.S.C.
§371 of International Application No. PCT/JP2011/003794,
filed on Jul. 4, 2011, which in turn claims the benefit of
Japanese Application No. 2010-155244, filed on Jul. 7, 2010,
the disclosures of which Applications are incorporated by
reference herein.

TECHNICAL FIELD

The present invention relates to a highly reliable fuel cell
system which is suitably employed in a backup power supply
or the like in a communication base station, etc., and an
operation method thereof.

BACKGROUND ART

Conventionally, backup power supplies are provided to
address an electric power failure (blackout) in emergencies
such as disasters in communication base stations, communi-
cation equipment such as data centers, hospitals, broadcast
stations, etc. Among the backup power supplies, as a backup
power supply using the fuel cell, there is known a configura-
tion in which a fuel cell generates electric power using hydro-
gen stored in a hydrogen tank (see Patent Literature 1). The
backup power supply having this configuration has an advan-
tage that the fuel cell can be started-up (activated) quickly.
However, when all of hydrogen inside of the hydrogen tank
has been consumed, the hydrogen tank must be replaced. A
work for replacing the hydrogen tank is burdensome and cost
of the replacement of the hydrogen tank is needed. If catas-
trophe such as an earthquake, a typhoon, or a hurricane hap-
pens, a traffic network such as a road is cut, and the hydrogen
tank will not be supplied. In this case, there is a possibility that
the backup power supply does not work in the disasters in
which backup power supplies are especially needed.

By comparison, there is a known a configuration in which
the hydrogen tank is not used as the power supply using the
fuel cell. As a typical fuel cell of this, there is a power supply
which uses a fuel of a hydrocarbon based gas supplied by a
gas utility (infrastructure of gas supply) according to a
demand. In this fuel cell, typically, a reformer reforms the fuel
of the hydrocarbon based gas to generate a reformed gas
containing hydrogen as a major component, and the reformed
gas is supplied to a fuel cell stack, which generates electric
power (e.g., see Patent Literature 2).

An example of the fuel cell system having the above con-
figuration will be specifically described. As shown in FIG. 10,
in a fuel cell system 110, a fuel is supplied from a raw material
supply line 101 to a reformer R0 via a desulfurization device
D0 and a raw material supply device Bt by opening a raw
material shut-off valve Va0. The reformer R0 reforms the fuel
into a reformed gas containing hydrogen as a major compo-
nent, and the reformed gas is supplied to a fuel cell stack F0
via a reformed gas supply line 102. After passing through the
fuel cell stack F0, the reformed gas (off-gas) is supplied to a
heat supply device B0 via an off-gas line 103 and a combus-
tion gas valve Vb0. The heat supply device B0 combusts the
off-gas to warm-up the reformer R0.

An oxidizing gas supply device SO supplies air to the fuel
cell stack F0 via an oxidizing gas supply line 104. The fuel
cell stack FO carries out power generation by causing the
reformed gas and the air to be reacted with each other. Ref-
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2

erence numeral 105 designates a reformed gas reuse line 105
for supplying hydrogen to the desulfurization device D0
including a hydrogenated desulfurization device. Reference
symbol Vc0 designates a reformed gas reuse valve Vc0.

CITATION LISTS
Patent Literature

Patent Literature 1: Japanese Laid-Open Patent Application
Publication No. 2000-333386

Patent Literature 2: Japanese Laid-Open Patent Application
Publication No. 2002-097001

SUMMARY OF THE INVENTION
Technical Problem

However, in a case where the fuel cell system including the
reformer is used as a backup power supply, the following
problems arise.

Specifically, the backup power supply is deactivated and
does not generate electric power in a normal state, and is
started-up (activated) to generate electric power when an
electric power failure (blackout) happens (in emergencies).
Therefore, the backup power supply is required to be surely
able to generate electric power in emergencies. In particular,
backup power supplies installed in a communication base
station or in a medical device in a hospital are required to
generate electric power urgently and surely in the emergen-
cies. Therefore, these backup power supplies are started-up
(activated) in a simulated manner on a regular basis to check
whether or not they are able to generate electric power nor-
mally (power generation check). The frequency with which
the power generation check is performed is typically once per
day although it depends on a reliability of a fuel cell system,
equipment (facility) supplied with the electric power, and
allowability of an electric power failure in the device, etc.

When the fuel cell system is started-up, it is necessary to
warm-up the reformer. Therefore, a great amount of energy is
consumed to start-up the fuel cell. To enable a reforming
reaction to proceed well, it is necessary to heat the reformer
up to about 700 degrees C. For example, in a case where a
power generation ability of the fuel cell system is 5 kW, a fuel
of'about 15 kW is consumed to start-up the fuel cell system.
Therefore, the fuel cell system placed in a standby state
against emergencies, in which the fuel cell system does not
generate electric power, requires a great amount of energy to
warm-up the reformer. If the power generation check which
requires simulated start-up is performed frequently, a greater
amount of energy is consumed.

Ifthe fuel cell system includes a CO removing device or the
like in addition to the reformer, an energy is required to
warm-up the CO removing device or the like. In this case, an
amount of energy used in the standby state against the electric
power failure or the power generation check increases. If a
deactivated reformer is in a room air condition, then a start-up
time which is about 1 hour is required as a time for which the
reformer is heated up to about 700 degrees C. to warm up the
reformer, a time for which the CO removing device is warmed
up, etc. Under the circumstances in which the start-up time is
long, the backup power supply is unable to generate electric
power urgently in the case of the electric power failure. Thus,
it is difficult to implement backup of the electric power
quickly and surely in the emergencies.

The present invention has been developed to solve the
problem associated with the prior art, and an object of the



US 9,257,712 B2

3

present invention is to provide a fuel cell system including a
reformer, which can suppress consumption of energy in a
standby state against emergencies and can be started-up
quickly, and an operation method thereof.

Solution to Problem

To solve the above described problem, a fuel cell system of
the present invention comprises a plurality of reformers for
reforming a raw material to generate a reformed gas contain-
ing hydrogen; at least one fuel cell stack for generating elec-
tric power using the reformed gas supplied from the reform-
ers; heat supply devices provided as corresponding to the
reformers, respectively, each of the heat supply devices being
configured to combust the reformed gas to supply heat to
corresponding one of the reformers; and a reformed gas
mutual use line through which the reformed gas generated in
each of the reformers is supplied to the heat supply device
corresponding to another one of the reformers.

In the fuel cell system, the reformed gas mutual use line
may be an off-gas mutual use line through which a portion of
an off-gas is supplied to the heat supply device corresponding
to another one of the reformers, the off-gas being the
reformed gas supplied from each of the reformers to the fuel
cell stack and discharged from the fuel cell stack.

In the fuel cell system, the fuel cell stack may include a
plurality of fuel cell stacks corresponding to the plurality of
reformers, respectively, and the fuel cell system may further
comprise: a reformed gas supply line connecting the plurality
of'reformers to the plurality of fuel cell stacks, respectively, in
one-to-one correspondence.

The fuel cell system may further comprise: a reformed gas
supply line connecting the plurality of reformers to the fuel
cell stack to cause reformed gases generated in the plurality of
reformers to be joined and supplied to the fuel cell stack.

The fuel cell system may further comprise a desulfuriza-
tion device which removes a sulfur component from the raw
material through a hydrogenated desulfurization reaction and
supplies to the reformer, the raw material from which the
sulfur component has been removed; and a reformed gas
reuse line which returns a portion of the reformed gas gener-
ated in the reformer to the desulfurization device.

In the fuel cell system, the desulfurization device may
include a plurality of desulfurization devices corresponding
to the plurality of reformers, respectively.

The fuel cell system may further comprise a combustion
gas supply line through which the reformed gas generated in
each of the reformers is supplied to the heat supply device
corresponding to the reformer.

In the fuel cell system, the reformed gas mutual use line
may be configured to supply a portion of the reformed gas
generated in each of the reformers and supplied to the fuel cell
stack, to the heat supply device corresponding to another one
of the reformers, via the another one of the reformers and the
combustion gas supply line.

The fuel cell system may further comprise: a controller;
wherein the controller may perform control in such a manner
that when at least one of the reformers is activated with
another reformers being deactivated, and at least one of the
another reformers being deactivated should start to be acti-
vated, the reformed gas generated in the reformer being acti-
vated is supplied through the reformed gas mutual use line to
the heat supply device corresponding to the reformer which
should start to be activated to warm-up the reformer which
should start to be activated by using the heat supply device,
and then the reformer which should start to be activated is
activated and the reformer being activated is deactivated.
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The fuel cell system may further comprise: a power gen-
eration inspector for inspecting a power generation state of
the fuel cell stack; wherein the controller may perform con-
trol in such a manner that the fuel cell stack supplied with the
reformed gas from the reformer being activated starts power
generation, the power generation inspector inspects a power
generation state of the power generation performed in the fuel
cell stack, and the power generation in the fuel cell stack is
stopped after the inspection.

In the fuel cell system, the fuel cell stack may include a
plurality of fuel cell stacks; and wherein the controller may
perform control in such a manner that after inspection for the
power generation state of one of the fuel cell stacks is com-
pleted and power generation in the one of the fuel cell stacks
is stopped, power generation in another fuel cell stack is
started, and the power generation inspector inspects a power
generation state of the power generation performed in the
another fuel cell stack.

To solve the above described problem, according to the
present invention, there is provided a method of operating a
fuel cell system including a plurality of reformers for reform-
ing a raw material to generate a reformed gas containing
hydrogen; and at least one fuel cell stack for generating elec-
tric power using the reformed gas supplied from the reform-
ers; the method comprising: in a state in which the fuel cell
system is in a standby state against emergencies, activating at
least one of the reformers and deactivating another reformers;
and when at least one of the reformers being deactivated starts
to be activated, deactivating the reformer being activated.

Inthe method of operating the fuel cell system, the fuel cell
system may further include heat supply devices provided as
corresponding to the reformers, respectively, each of the heat
supply devices being configured to combust the reformed gas
to supply heat to corresponding one of the reformers; and a
reformed gas mutual use line through which the reformed gas
generated in each of the reformers is supplied to the heat
supply device corresponding to another one of the reformers;
the method comprising: in a state in which the fuel cell system
is in a standby state against emergencies, supplying the
reformed gas generated in the reformer being activated to the
heat supply device corresponding to the reformer being deac-
tivated via the reformed gas mutual use line to warm-up the
reformer being deactivated by using the heat supply device.

The method of operating the fuel cell system, may com-
prise: in a state in which the fuel cell system is in a standby
state against emergencies, causing the fuel cell stack supplied
with the reformed gas from the reformer being activated to
start power generation; inspecting a power generation state of
the power generation performed in the fuel cell stack; and
causing the fuel cell stack to stop the power generation after
the inspection.

Inthe method of operating the fuel cell system, the fuel cell
system may include a plurality of fuel cell stacks, and the
method may comprise: in a state in which the fuel cell system
is in a standby state against emergencies, inspecting a power
generation state of one of the fuel cell stacks and stopping
power generation in the one of the fuel cell stacks after the
inspection is completed; causing another fuel cell stack to
start power generation; and inspecting a power generation
state of the power generation performed in the another fuel
cell stack.

In the fuel cell system, the fuel cell system may include a
plurality of power generation units each of which is config-
ured such that one reformer supplies the reformed gas to one
fuel cell stack, and the method further comprise in a state in
which the fuel cell system is in a standby state against emer-
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gencies, inspecting power generation states of the power gen-
eration units sequentially one by one.

The method of operating the fuel cell system may comprise
in a state in which the fuel cell system is in a standby state
against emergencies, detecting whether or not electric power
supply from a power supply system to electric power con-
sumption equipment supplied with electric power from the
fuel cell system and the power supply system is stopped;
maintaining the standby state in the fuel cell system in a state
in which a flow rate of the raw material supplied to the
reformer being activated is reduced to be smaller than a flow
rate of the raw material in a normally activated state of the
reformer, when stop of the electric power supply is not
detected; and increasing the flow rate of the raw material
supplied to the reformer being activated to the flow rate of the
raw material in the normally activated state of the reformer,
and starting activation of the reformer being deactivated to
shift the fuel cell system from the standby state to a power
generation state, when the stop of the electric power supply is
detected.

The method of operating the fuel cell system may comprise
in a state in which the fuel cell system is in a standby state
against emergencies, changing a ratio of the reformer being
activated to the reformer being deactivated, among the plu-
rality of reformers, depending on a time period.

The above and further objects, features and advantages of
the present invention will more fully be apparent from the
following detailed description of preferred embodiments
with accompanying drawings.

Advantageous Effects of the Invention

As described above, in the present invention, in a fuel cell
system including a reformer and an operation method thereof,
energy consumption in a standby state against emergencies
can be suppressed and the fuel cell system can be started-up
quickly in the emergencies.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram schematically showing a con-
figuration in a case where a fuel cell system according to
Embodiment 1 of the present invention is used as a backup
power supply in a communication base station.

FIG. 2 is a block diagram schematically showing an exem-
plary configuration of major components in the fuel cell sys-
tem of FIG. 1.

FIG. 3 is a block diagram showing an exemplary configu-
ration of a control system for operating the fuel cell system of
FIG. 2.

FIG. 4 is a flowchart showing exemplary operation control
in the fuel cell system of FIG. 2.

FIG. 5 is a block diagram schematically showing an exem-
plary configuration of a fuel cell system according to
Embodiment 2 of the present invention.

FIG. 6 is a block diagram schematically showing an exem-
plary configuration of a fuel cell system according to
Embodiment 3 of the present invention.

FIG. 7 is a block diagram schematically showing an exem-
plary configuration of a fuel cell system according to
Embodiment 4 of the present invention.

FIG. 8 is a block diagram schematically showing an exem-
plary configuration of a fuel cell system according to
Embodiment 5 of the present invention.

FIG. 9 is a block diagram schematically showing an exem-
plary configuration of a fuel cell system according to
Embodiment 6 of the present invention.
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FIG. 10 is a block diagram schematically showing an
exemplary configuration of a conventional fuel cell system.

DESCRIPTION OF THE EMBODIMENTS

Hereinafter, preferred embodiments of the present inven-
tion will be described with reference to the drawings.
Throughout the drawings, the same or corresponding compo-
nents are designated by the same reference numerals and will
not be described in detail.

Embodiment 1

As shown in FIG. 2, a fuel cell system 10 according to
Embodiment 1 of the present invention is installed as, for
example, a backup power supply for a communication base
station 81. The communication base station 81 is switchably
connected to a utility power net 84 or to the fuel cell system 10
via a power supply switch 82. Normally, the power supply
switch 82 is placed in a state to allow electric power to be
supplied from the utility power net 84 to the communication
base station 81. When an power failure detector 83 provided
between the power supply switch 82 and the utility power net
84 detects an electric power failure, the communication base
station 81 is connected to the fuel cell system 10 instead of the
utility power net 84. Hereinafter, the communication base
station will be referred to as “outside load.” As the “outside
load,” a simulated load such as a resistor element is built into
the fuel cell system 10, and a power output controller (de-
scribed later) may be switchably connected to the simulated
load or to the power supply switch 82.

A target (outside load) for which the fuel cell system 10 is
used as a backup power supply is not limited to the commu-
nication base station 81, so long the target is electric power
consumption equipment which is supplied with the electric
power from a power supply system (utility power net, etc.)
other than the fuel cell system 10 and requires normal man-
agement even in emergencies in which electric power supply
from the power supply system stops. Specifically, as the tar-
get, for example, there are a communication base station,
communication equipment such as a data center, a hospital, a
broadcast station, etc. The fuel cell system 10 can be used as
abackup electric power supply by itself and is also applicable
to a cogeneration system. Moreover, another power supply
system is not limited to the utility power net, but may be a
home power generation apparatus or the like which is always
activated.

[Configuration of Fuel Cell System]

As shown in a configuration of major components in FIG.
2, the fuel cell system 10 according to the present embodi-
ment includes a desulfurization device D0, a raw material
supply device Bt, an oxidizing gas supply device S0, a plu-
rality of reformers R1~Rn, a plurality of fuel cell stacks
F1~Fn, a plurality of heat supply devices B1~Bn, lines cou-
pling them to each other, and valves provided in these lines. It
is sufficient that the fuel cell system 10 includes the plurality
of reformers R1~Rn, the plurality of fuel cell stacks F1~Fn,
and the plurality of heat supply devices B1~Bn.

Reference symbols of these components will be described.
Regarding the reformers R1~Rn, “R1” indicates “first”
reformer, and ‘“Rn” indicates “n-th reformer” Therefore,
“reformers R1~Rn” are “n” reformers. In FIG. 2, since three
reformers, three fuel cell stacks and three heat supply devices
are provided, n=3. Hereinafter, in a case where any one of the
“n” reformers is described, this will be expressed as n-th
“reformer Rn”. Hereinafter, an upstream side or a down-



US 9,257,712 B2

7

stream side in a flow direction of the raw material or the gas
will be simply referred to as “upstream” or “downstream.”

The desulfurization device D0 is coupled to the raw mate-
rial supply line 11, and removes a sulfur component from the
raw material. The desulfurized raw material is supplied to the
raw material supply device Bt. The raw material supply
device Bt supplies a raw material to the reformers R1~Rn via
the raw material supply line 11 and the raw material shut-off
valves Val~Van. In this case, the raw material supply device
Bt supplies the raw material while adjusting supply of the raw
material. The raw material supply line 11 is connected to a
raw material gas source ((e.g., infrastructure of a city gas or
liquefied petroleum gas (LPG)), and is supplied with a hydro-
carbon-based gas (e.g., natural gas) according to a demand.
The raw material supply line 11 branches to be connected to
the reformers R1~Rn, and the raw material shut-off valves
Val~Van provided downstream (upstream of the reformers
R1~Rn) of the points at which the raw material supply line 11
branches.

The reformers R1~Rn reform the desulfurized raw mate-
rial to generate the reformed gas which is a hydrogen-con-
taining gas and supply the reformed gas to the fuel cell stacks
F1~Fn viareformed gas supply lines 12-1~12-n, respectively.
The reformed gas supply line 12-» connects the reformer Rn
to the fuel cell stack Fn in a one-to-one correspondence.
Reformed gas reuse lines 15-1~15-n branch from the
reformed gas supply lines 12-1~12-#, respectively, and are
connected to the raw material supply line 11 upstream of the
desulfurization device D0. A reformed gas reuse valve Ven is
provided upstream of the reformed gas reuse line 15-n. The
reformed gas reuse valve Ven is opened and closed to permit
and inhibit a flow of a portion of the reformed gas to the raw
material supply line 11.

An oxidizing gas supply device S0 is connected to the fuel
cell stack Fn via an oxidizing gas supply line 14. The oxidiz-
ing gas supply device SO supplies an oxidizing gas (e.g., air)
to the fuel cell stack Fn. The fuel cell stack Fn performs power
generation using the reformed gas and the oxidizing gas. The
reformed gas, i.e., off-gas which has not been consumed in
the power generation is discharged as a combustion gas from
the fuel cell stack Fn to the combustion gas supply line 16-7.
Therefore, this combustion gas, i.e., off-gas is the reformed
gas. The combustion gas supply line 16-# is connected to the
heat supply device Bn via the combustion gas valve Vbn. One
heat supply device Bn is provided as corresponding to one
reformer Rn. The heat supply device Bn combusts a combus-
tion gas and supplies to the reformer Rn heat required for a
steam reforming reaction.

Combustion gas supply lines 16-1~16-n are connected
together via an off-gas mutual use line 13. Combustion gas
valves Vbn provided in the combustion gas supply lines
16-1~16-#, respectively, are properly opened and closed to
selectively supply the combustion gas (reformed gas from the
corresponding rammer Rn) from the corresponding fuel cell
stack Fn or the combustion gas (reformed gas from another
reformer Rn) from another fuel cell stack Fn, to a particular
heat supply device Bn.

Specific configurations of the desulfurization device DO,
the raw material supply device Bt, the oxidizing gas supply
device S0, the reformer Rn, the fuel cell stack Fn, the heat
supply device Bn, the lines and the valves are not particularly
limited. For example, the desulfurization device D0 is con-
figured to remove a sulfur component by a hydrogenated
desulfurization reaction. In this configuration, as hydrogen
added to a hydrocarbon-based gas for desulfurization, the
reformed gas generated in the reformer Rn is used. As shown
in FIG. 2, the reformed gas reuse line 15-z connects a down-
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stream side of the reformer Rn to an upstream side of the
desulfurization device DO0. Therefore, the reformed gas gen-
erated in the reformer Rn is returned to and re-used in the
desulfurization device D0. The desulfurization device D0
may be configured to include an adsorbing agent for adsorb-
ing a sulfur component. In this case, the reformed gas reuse
line 15-# is unnecessary.

As the raw material supply device Bt, for example, aknown
raw material supply pump is used. As the oxidizing gas sup-
ply device S0, for example, a known blower is used. It is
sufficient that the fuel cell stack Fn is supplied with the
reformed gas and the oxidizing gas. The oxidizing gas is not
limited to the air, but pure oxygen may be used.

As the reformer Rn, for example, a steam reformer may be
used. In this case, a raw material formed by adding the steam
to the hydrocarbon-based gas may be supplied to the reformer
Rn. A CO removing device may be provided downstream of
the reformer Rn, although not shown. The CO removing
device is used to reduce a carbon nonoxide (CO) concentra-
tion in the reformed gas generated in the reformer Rn. As the
CO removing device, a known reactor such as a shift con-
verter, a selective oxidizer, or a methanation device is used.

As the fuel cell stack Fn, a plurality of power generation
cells are stacked together. A specific configuration of each
power generation cell is not particularly limited, and may be
a polymer electrolyte fuel cell, a solid oxide fuel cell, a
phosphoric-acid fuel cell, a molten carbonate fuel cell, etc.
“Power generation fuel” supplied to the fuel cell stack Fn is,
as described above, the reformed gas. The raw material sup-
plied to generate the reformed gas is not limited to the hydro-
carbon-based gas such as a natural gas. For example, the raw
material may be another hydrocarbon-based gas such as a
propane gas. Or, a hydrocarbon-based fuel in a liquid form in
aroom temperature such as kerosene may be supplied. Or, an
organic fuel other than hydrocarbon, such as methanol, may
be used.

The heat supply device Bn combusts the off-gas to heat the
reformer Rn. In other words, the heat supply device Bn is a
heat supply device for keeping a temperature of the reformer
Rn within a desired range. If the reformer Rn is the steam
reformer, the steam reforming reaction is an endothermic
reaction, and therefore, heating from outside is required to
promote the reaction. Therefore, for the reformer Rn, a known
heat supply device for generating heat using the off-gas or the
reformed gas as a fuel may be used, not limited to the heat
supply device Bn. A preferable temperature for the steam
reforming reaction in the reformer Run is typically about 700
degrees C. The heat supply device Bn may have fire power for
implementing this temperature.

In the present embodiment, the heat supply device Bn is
disposed in the vicinity of the reformer Rn. In other words, the
fuel cell system 10 of the present embodiment, the heat sup-
ply device Bn is configured to heat the reformer Rn from
outside of the reformer Rn.

As the raw material supply line 11, the reformed gas supply
line 12-n, the off-gas mutual use line 13, the oxidizing gas
supply line 14, the reformed gas reuse line 15-», and the
combustion gas supply line 16-z, known pipes are used, but
known passages other than the pipes may be used. As the raw
material shut-off valve Van, the combustion gas valve Vbn,
and the reformed gas reuse valve Ven, known on-off valves
are used.

The fuel cell stack Fn is provided with water flow passages.
In FIG. 2, a specific configuration of the water flow passages
is not shown. As the water flow passages, there are a reform-
ing water supply passage, a cooling water circulating pas-
sage, a recovered water circulating passage, a hot water cir-
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culating passage, etc., but they are exemplary. The fuel cell
system 10 may be configured not to include the desulfuriza-
tion device D0, the raw material supply device Bt, and the
like. For example, if the raw material (typically, hydrocarbon
based gas) contains no sulfur component, the desulfurization
device D0 is unnecessary. If a sufficient pressure of the raw
material is ensured, a pressure increasing function in the raw
material supply device Bt is unnecessary (but a flow control
function is necessary).

As shown in FIG. 2, the reformer Rn and the fuel cell stack
Fn are connected to each other in a one-to-one correspon-
dence via the reformed gas supply line 12-n. A set of one
reformer Rn and one fuel cell stack Fn constitute a power
generation unit Un so that one reformer Rn supplies the
reformed gas to one fuel cell stack Fn. The fuel cell system 10
includes a plurality of power generation units Ul~Un. As
shown in FIG. 3, the plurality of power generation units
U1~Un are controlled by a controller Ct. The controller Ct
may control an operation of the overall fuel cell system 10
including plurality of power generation units U1~U3.

Specifically, the fuel cell system 10 includes a power out-
put controller (not shown) for outputting to the outside load
the electric power generated in the power generation units
U1~Un. The power output controller is constituted by an
inverter or the like. Electric output terminals of the power
generation units Ul~Un are connected in parallel to this
power output controller. The controller Ct causes the power
output controller to control the power output to the outside
load and causes the raw material supply device Bt to control
a supply amount of the raw material, thereby controlling a
power generation operation of the power generation units
U1~Un, i.e., running of the reformers Rn and the fuel cell
stacks Fn. The controller Ct controls ON/OFF of the raw
material shut-off valve Van, the combustion gas valve Vbn,
and the reformed gas reuse valve Ven in the power generation
unit Un. A power generation inspector Ck inspects whether or
notthe fuel cell stack Fn (not shown in FIG. 3) included in the
power generation unit Un is able to perform power generation
normally.

The power generation check is performed in such a manner
that a voltage detector (not shown) detects a power generation
voltage in the fuel cell stack Fn and compares the detected
voltage to a predetermined reference voltage. The power gen-
eration check performed by the power generation inspector
Ck is performed by control by the controller Ct. The power
generation inspector Ck inputs a result of the power genera-
tion check to the controller Ct. This input is used for the
control of the power generation unit Un (and fuel cell system
10).

If'the controller Ct receives as an input a detection signal of
the electric power failure from the power failure detector 83,
the controller Ct causes the fuel cell system 10 to shift from
“standby state against emergencies such as the electric power
failure” (hereinafter abbreviated as “standby state”) to
“power generation state.”” As will be described later, the con-
troller Ct enables control in which in the standby state, the
power generation units Ul~Un are activated sequentially in a
simulated manner, to perform the power generation check.

Specific configurations of the power supply switch 82, the
power failure detector 83, the controller Ct, and the power
generation inspector Ck are not limited, but known configu-
rations are suitably used.

[Operation Method of Fuel Cell System]

The fuel cell system 10 configured as described above is
normally placed in “standby state” but shifts to “power gen-
eration state” in emergencies. In the standby state, the plural-
ity of power generation units Ul~Un are activated sequen-
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tially one by one in a simulated manner, to perform the power
generation check. This power generation check is performed
in conjunction with the warm-up operation of the reformers
R1~Rn. This warm-up operation is performed to start-up the
power generation units Ul~Un immediately when the elec-
tric power failure occurs. Exemplary operation control in the
standby state will be specifically described with reference to
FIG. 4. In the example shown in FIG. 4, it is supposed that
three power generation units Un are provided and the power
generation unit Ul is subjected to the power generation
check.

In aninitial state ofthe fuel cell system 10, all valves which
are the raw material shut-off valves Val~Va3, the combustion
gas valves Vb1~Vb3, and the reformed gas reuse valves
Vc1~V¢3, are closed.

Initially, the controller Ct opens the raw material shut-off
valve Val (step S101), and then opens the combustion gas
valve Vb1 (step S102). The raw material shut-off valve Val
and the combustion gas valve Vbl may be opened in a
reversed order or at the same time. Thereby, the reformed gas
discharged from the fuel cell stack Fn in a deactivated state is
supplied to the heat supply device B1. Thereafter, the con-
troller Ct causes the heat supply device B1 to be ignited (step
S103). Thereupon, the reformer R1 starts to be activated.
Although a step is not shown in FIG. 4, the controller Ct opens
the reformed gas reuse valve V¢l and returns a portion of the
reformed gas to an upstream side of the desulfurization device
D0 after the reformer R1 starts to be activated. In the desulfu-
rization device D0, a hydrogenated desulfurization reaction is
promoted and desulfurization is performed efficiently.

The reformed gas generated in the reformer R1 being acti-
vated is supplied to the fuel cell stack F1. The controller Ct
causes the oxidizing gas supply device S0 to be activated and
the power output controller to take out a current and to supply
the current to the outside load. Thereby, the power generation
in the fuel cell stack F1 is initiated (step S104). In a case
where the power generation check is not performed, the cur-
rent may not be taken out of the fuel cell stack F1 and thereby
the power generation may not be started. During the power
generation, the hydrogen contained in the reformed gas is
consumed while the reformed gas is passing through the fuel
cell stack F1. The off-gas flowing out of the fuel cell stack F1
contains the hydrogen which has not been consumed. The
off-gas is supplied as the combustion gas to the heat supply
device B1 via the combustion gas supply line 16-1. The heat
supply device B1 combusts the off-gas to maintain a tempera-
ture of the reformer R1.

Then, the controller Ct causes the power generation inspec-
tor Ck to perform the power generation check about the fuel
cell stack F1 generating the electric power (step S105). If an
abnormality in the power generation state of the fuel cell stack
F1 is detected (NG in step S105), the controller Ct causes the
fuel cell system 10 to be shut down, and issues an error signal
(step S106). On the other hand, if the fuel cell stack F1 is
performing the power generation normally (OK in step
S105), the controller Ct causes the power output controller to
shut off a current in the fuel cell stack F1 and stops the power
generation (step S107), opens the combustion gas valve Vb2
in the power generation unit U2 (step S108), ignites the heat
supply device B2 (step S109), and starts the warm-up of the
reformer R2 in the power generation unit U2. Further, the
controller Ct opens the combustion gas valve Vb3 in the
power generation unit U3 (step S110), and ignites the heat
supply device B3 (step S111), thereby starting the warm-up of
the reformer R3 in the power generation unit U3. In this way,
in the standby state, the three reformers R1~R3 can be
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warmed up. Therefore, the fuel cell system 10 can be placed
in the standby state against the electric power failure.

Thereafter, the power failure detector 83 detects the elec-
tric power failure (step S112). If the power failure detector 83
does not detect the electric power failure (NO in step S112),
warm-up of the reformers R2 and R3 is continued (return to
step S108). Ifthe power failure detector 83 detects the electric
power failure (YES in step S112), the fuel cell system 10
shifts from the standby state to the power generation state.
The controller Ct opens the raw material shut-oft valve Va2 in
the power generation unit U2 (step S113), opens the raw
material shut-off valve Va3 in the power generation unit U3
(step S114), causes the power output controller to take out a
current and supply the current to the outside load, thereby
causing all of the fuel cell stacks F1~F3 to start power gen-
eration (step S115). As described above, all of the reformers
R1~R3 have been warmed-up. Under the circumstance, if an
electric power failure occurs and it becomes necessary to
quickly perform power generation in the fuel cell system 10,
all of the power generation units U1~U3 can start the power
generation immediately upon reception of the raw material.

Thereafter, the controller Ct controls the power generation
state, and hence terminates the control in the standby state.
The control for the power generation units U2 and U3 is
performed in the same manner. The control may be performed
as follows. After the power generation check for the first
power generation unit Ul is completed and the power gen-
eration in the first power generation unit U1 stops, the power
generation check for the second power generation unit U2 is
performed. After the power generation check for the second
power generation unit U2 is completed, the power generation
check for the third power generation unit U3 is performed.

As described above, in the standby state of the fuel cell
system 10, at least one of the plurality of reformers Rn is
activated and the remaining reformers are warmed-up. In this
situation, each of the plurality of fuel cell stacks Fn is able to
start the power generation quickly and be subjected to the
power generation check. Therefore, a portion of the energy
consumed in the reformer Rn in the standby state can be
utilized in the power generation check.

Energy balance among the power generation units U1~U3
in the above stated operation control is shown in the following
table 1. In the example shown in table 1, burners are used as
the heat supply devices B1~B3.

TABLE 1

Energy balance (unit: W)

Consumption

Fuel supplied  Reformed gas  in fuel cell  Off-gas to heat
State to reformer from reformer stack supply device
I R1 1,200 Rl 1,000 F1 666 Bl 333
R2 0 R2 0 F2 0 B2 0
R3 0 R3 0 F3 0 B3 0
I R1 1,200 Rl 1,000 F1 0 Bl 333
R2 0 R2 0 F2 0 B2 333
R3 0 R3 0 F3 0 B3 333
I R1 1,200 Rl 1,000 F1 666 Bl 333
R2 1,200 R2 1,000 F2 666 B2 333
R3 1,200 R3 1,000 F3 666 B3 333

In the table, State I indicates a state in which only the power
generation unit U1 is performing the power generation in the
standby state, corresponding to step S104 in FIG. 4. In State
1, afuel having an energy of 1.2 kW is supplied to the reformer
R1, which reforms the fuel into a reformed gas having an
energy of 1 kW. In this reformed gas, hydrogen which is
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equivalent to %3 (666 W) of the overall energy is consumed by
the power generation to generate an off-gas which is equiva-
lent to Y5 (333 W) of the overall energy. A portion of the
off-gas is supplied to the heat supply device B1 and com-
busted therein, thereby maintaining a temperature of the
reformer R1 well.

State II indicates a state in which the power generation in
the fuel cell stack F1 is stopped, in the standby state, corre-
sponding to step S108~step S111 in FIG. 4. In State II, no
energy is consumed in the fuel cell stack F1, and therefore the
off-gas has an energy of 1 kW which is equal to that of the
reformed gas. If this off-gas is supplied to the heat supply
device B1 without modifying it, a combustion heat amount
becomes excess, which causes a possibility that a temperature
of the reformer R1 increases excessively. To solve this, the
combustion gas valves Vb2 and Vb3 are opened to supply the
off-gas to the heat supply devices B2 and B3 of the power
generation units U2 and U3. Thereby, each of the heat supply
devices B1~B3 combusts %4 (333 W) of the overall energy of
the off-gas, to warm-up each of the reformers R1~R3. There-
fore, the temperature of each of the three reformers R1~R3 is
maintained well.

State I1I indicates a power generation state rather than the
standby state and corresponds to step S115 in FIG. 4. In this
state, in all of the power generation units U1~U3, the fuel cell
stacks F1~F3 perform the power generation and consume %54
of'the overall energy of the reformed gas. In each of the power
generation units U1~U3, the off-gas has 15 of the energy.
Because of this, the temperature of each of the reformers
R1~R3 in the power generation units U1~U3, is maintained
well.

In the fuel cell system 10 having the configuration of FIG.
2, as indicated by State I or State II, the energy of the raw
material supplied is 1.2 kW. In a system in which three con-
ventional configurations (see FIG. 10) are arranged in paral-
lel, an energy of 3.6 kW which is equal to that of state III
shown in table 1 becomes necessary even in the standby state.
In the configuration of FIG. 2, the reformer Rn which is
activated in the standby state is only the reformer R1, and the
reformers R2 and R3 have been warmed-up but are not per-
forming a reforming process. This can extend lives of the
reformers R2 and R3. In the conventional configuration, all of
the reformers R1~R3 are activated, and an operation time of
the reformer Rn becomes long, which shortens the live of the
reformer Rn.

By performing operation control of FIG. 4 for the power
generation units U2 and U3 sequentially one by one, the
reformers R1~R3 and the fuel cell stacks F1~F3 are activated
sequentially one by one. Because of this, energy consumption
can be suppressed significantly as compared to a case where
all of the fuel cell stacks Fn are activated. An accumulated
activation time of each reformer Rn and an accumulated
activation time of each fuel cell stack Fn can be shortened,
and the life of each reformer Rn and the life of each fuel cell
stack Fn can be extended.

The operation control in which the power generation check
of'the fuel cell stack F1 is not performed and only a warm-up
operation of the reformers R1~R3 is performed, is control in
which step S104~step S107 in FIG. 4 are substantially omit-
ted from the steps of FIG. 4. Therefore, the power generation
check becomes as the warm-up operation of the reformers
R1~R3. Because of this, energy consumption in the standby
state can be suppressed, and efficient operation control can be
performed.

Modified Example

In the operation control of FIG. 4, for example, if NO in
step S112 (no electric power failure is detected), a step in
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which a flow rate of the raw material (e.g., hydrocarbon-based
gas) supplied to the reformer R1 being activated is reduced to
be smaller than that in a normal activation state may be
performed. The flow rate in this step can be set according to a
minimum reforming ability of the reformer R1. If this step is
performed and YES in step S112 (electric power failure is
detected), a step in which the flow rate of the raw material
supplied to the reformer R1 being activated is increased to be
returned to that in the normal activation state may be per-
formed. Thereby, the fuel cell system 10 can properly shift
from the standby state to the power generation state.

In the above configuration, the reformer R1 can be started-
up from a state in which the reformer R1 performs a reform-
ing process with a minimum level to a state in which the
reformer R1 performs a reforming process with a normal
level. This makes it possible to start-up the fuel cell system 10
more quickly than in a case where the reformer R1 being
deactivated is started-up. Since only the reforming process
with the minimum level is performed in the standby state,
energy consumption can be suppressed more effectively.

Alternatively, in the state in which the fuel cell system 10 is
in the standby state, the operation control may be performed
in such a manner that a ratio of the reformer(s) Rn being
activated to the reformer(s) Rn being deactivated among the
plurality of reformers R1~Rn is changed depending on a time
period although not shown. For example, if it is known in
advance that an electric power consumption amount becomes
peak and an electric power failure occurs frequently in the
evening, the controller Ct performs operation control such
that the number of reformers Rn being activated in the
evening is greater than the number of reformers Rn being
activated in another time period. This makes it possible to
backup electric power quickly for the case of the electric
power failure.

Embodiment 2

As shown in FIG. 5, a fuel cell system 20 of Embodiment
2 of the present invention has the same configuration as that of
the fuel cell system 10 of Embodiment 1 except that the fuel
cell system 20 includes a single and large-sized fuel cell stack
FO instead of the plurality of fuel cell stacks F1~Fn in
Embodiment 1. In FIG. 5, for the purpose of easier explana-
tion, the desulfurization device D0, the heat supply devices
B1~Bn, the off-gas mutual use line 13, the reformed gas reuse
lines 15-1~15-p, and the combustion gas supply lines
16-1~16-n are omitted. Also, the number of reformers Rn is
three (n-3) (reformers R1~R3).

In the fuel cell system 20, the reformed gas supply line 22
has a shape in which a plurality of branch passages (three
passages in FIG. 5) are provided at an upstream side and the
branch passages are merged into a single passage at a down-
stream side to supply the reformed gas generated in the
reformers R~R3 to the single fuel cell stack F0. An oxidizing
gas supply line 24 is entirely single line to supply the oxidiz-
ing gas (air) to the single fuel cell stack F0, unlike the oxi-
dizing gas supply line 14.

In FIG. 5, as an example of the water flow passage, a
cooling water circulating passage for cooling the fuel cell
stack FO0 is illustrated. The cooling water circulating passage
includes a cooling water tank Tk, a heat radiator He, a cooling
pump Pw0, a heat radiation pump Ph, a cooling water pipe 28
and a heat radiation water pipe 29. Specific configurations of
the tank, the pump, the heat radiator, the pipe, etc., are not
particularly limited, but known configurations may be used.
The cooling water circulating passage may include devices,
members, pipes, etc., other than these. The cooling water may
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be replaced by another heat medium such as an antifreeze
solution in a circulating passage.

Next, an operation method of the fuel cell system 20 con-
figured as described will be described specifically regarding a
difference from that of Embodiment 1.

The raw material supply device Bt supplies the raw mate-
rial to the reformers R1~R3 via the raw material supply line
11. The reformers R1~R3 reform the raw material to generate
the reformed gases. The reformed gases generated in the
reformers R1~R3 join in the reformed gas supply line 22 and
the resulting reformed gas is supplied to the fuel cell stack F0.

The fuel cell stack F0 is provided with a cooling water
circulating passage. The cooling water stored in the cooling
water tank Tk is circulated through the cooling water pipe 28
by the cooling pump Pw0. Thereby, the fuel cell stack F0 is
cooled. The cooling water cools the fuel cell stack FO and
recovers heat from the fuel cell stack F0. As a result, the
cooling water with an increased temperature is returned to the
cooling water tank Tk. The cooling water inside the cooling
water tank Tk is circulated through the heat radiation water
pipe 29 by a heat radiation pump Ph, and a heat radiator He
cools the cooling water by heat radiation. Thereby, the fuel
cell stack F0 is maintained in a predetermined temperature
range.

In accordance with the present embodiment, since the
single and large-sized fuel cell stack F0 is provided, an overall
configuration of the fuel cell system 20 is simple. Like
Embodiment 1, the off-gas derived from the reformer Rn
(e.g., reformer R1) being activated can be used to warm-up
another reformer Rn (e.g., reformer R2, R3) being deacti-
vated. Therefore, energy consumption in the standby state can
be suppressed. In addition, the power generation check is
performed concurrently. As a result, efficient operation con-
trol is performed.

Embodiment 3

As shown in FIG. 6, a fuel cell system 30 of Embodiment
3 of the present invention has the same configuration as that of
the fuel cell system 10 of Embodiment 1 except that the
plurality of fuel cell stacks F1~Fn include a plurality of oxi-
dizing gas supply devices S1~Sn, respectively. In FIG. 6, for
the purpose of easier explanation, the heat supply devices
B1~Bn, the off-gas mutual use line 13, the reformed gas reuse
lines 15-1~15-n, and the combustion gas supply lines
16-1~16-n are omitted. Also, the number of reformers Rn, the
number of the fuel stacks Fn, and the number of the oxidizing
gas supply devices Sn are three (n=3).

The oxidizing gas supply devices S1~S3 are connected in
one-to-one correspondence to the fuel cell stacks F1~F3,
respectively, via the oxidizing gas supply lines 34-1~34-3,
respectively. When at least one of the fuel cell stacks F1~F3 is
activated, one of the oxidizing gas supply devices S1~S3
which corresponds to the fuel cell stack Fn being activated
may be activated with a proper output. This makes it possible
to more accurately control the activated state of the oxidizing
gas supply device Sn according to the activated state of the
fuel cell stack Fn.

In the fuel cell system 30, the fuel cell stacks F1~F3 are
provided with cooling water circulating passages, respec-
tively, and a cooling water pipe 38 connected to the cooling
water tank Tk branches to passages connected to the fuel cell
stacks F1~F3, respectively. Cooling pumps Pwl~Pw3 are
provided to correspond to the fuel cell stacks F1~F3, respec-
tively. Therefore, depending on the activated states of the fuel
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cell stacks F1~F3, the corresponding cooling pumps
Pw1~Pw3 are actuated properly, to change a circulating
amount of the cooling water.

In accordance with the present embodiment, depending on
the fuel cell stacks F1~F3 generating electric power, the acti-
vated states of the corresponding oxidizing gas supply
devices S1~S3 and the activated states of the corresponding
cooling pumps Pw1~Pw3 can be controlled more accurately.
Therefore, energy consumption in the standby state can be
suppressed more effectively. In addition, the power genera-
tion check is performed concurrently. As a result, efficient
operation control is performed.

Embodiment 4

As shown in FIG. 7, a fuel cell system 40 according to
Embodiment 4 of the present invention has the same configu-
ration as that of the fuel cell system 30 of Embodiment 3
except that desulfurization devices D1~D3 are provided
upstream of the reformers R1~R3, respectively. In FIG. 7, for
the purpose of easier explanation, the heat supply devices
B1~Bn, the off-gas mutual use line 13, and the combustion
gas supply lines 16-1~16-» are omitted. The raw material
supply line 41 has the same configuration as that of the raw
material supply line 11 except that it does not include the
desulfurization device D0 and the raw material supply device
Bt.

Regarding an operation of the fuel cell system 40, a case
where the fuel cell system 40 shifts from the standby state to
the power generation state described in Embodiment 1 will be
exemplarily described. In the standby state, the reformer R1 is
activated and the reformers R2 and R3 are warmed-up. When
the activation of the reformers R2 and R3 is started, the
corresponding raw material shut-off valves Va2 and Va3 are
opened. Thereby, the raw material is supplied from the raw
material supply line 41 to the reformers R2 and R3 via the
desulfurization devices D2 and D3, respectively. At this time
point, in the reformed gas reuse line 15-1 connected to the
reformer R1, the reformed gas reuse valve Vcl is opened.
Because of this, the reformed gas is supplied from the
reformer R1 to regions upstream of the desulfurization
devices D2 and D3 in addition to the desulfurization device
D1. In the desulfurization devices D2 and D3, a hydrogenated
desulfurization reaction is promoted and desulfurization is
performed efficiently.

In accordance with the present embodiment, the desulfur-
ization devices D1 D3 are provided to correspond to the
reformers R1~R3, respectively. Therefore, a flow rate of a
hydrocarbon based gas flowing through the desulfurization
devices D1~D3 is substantially equal to a flow rate of the
hydrocarbon-based gas flowing through the single desulfur-
ization device DO (see Embodiment 1, 3). Because of this,
capacities of the desulfurization devices D1~D3 can be
reduced according to the flow rate. This can reduce an amount
of the reformed gas reused in the desulfurization device D0
and increase an amount of the reformed gas supplied to the
heat supply device Bn.

Since the desulfurization device(s) Dn corresponding to
any of the fuel cell stacks F1~F3 which is/are generating
electric power perform(s) desulfurization, lives of the des-
ulfurization devices D1~D3 can be extended. Moreover, the
activated states of the fuel cell stacks F1~F3 can be controlled
more accurately. Therefore, energy consumption in the
standby state can be further suppressed. In addition, the
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power generation check is performed concurrently. As a
result, more efficient operation control is performed.

Embodiment 5

As shown in FIG. 8, a fuel cell system 50 of Embodiment
5 of the present invention has the same configuration as that of
the fuel cell system 20 of Embodiment 2 except that the fuel
cell system 50 includes reformed gas mutual use lines
53-1~53-3 instead of the off-gas mutual use line 13. InFIG. 8,
for the purpose of easier explanation, the desulfurization
device D0 and the cooling water circulating passages are
omitted.

Regarding a configuration of the fuel cell system 50, only
a difference from the fuel cell system 20 according to
Embodiment 2 will be described specifically. The raw mate-
rial supply line 51 has the same configuration as that of the
raw material supply line 11 except that three-way valves
Vd1~Vd3 (n=3 when they are expressed as reference symbol
Vdn) rather than the raw material shut-off valves Val~Va3 at
a downstream side are provided. The three-way valves
Vd1~Vd3 not only supply or shutoff the raw material from
the raw material supply line 51 but also supply or shutoff the
reformed gas generated in another reformer Rn.

The reformers R1~R3 are connected to the fuel cell stack
F0 via the reformed gas supply line 52. Like the reformed gas
supply line 22, the reformed gas supply line 22 has a shape in
which three branch passages are provided at an upstream side
and the branch passages are merged into a single passage at a
downstream side. When the passages at an upstream side are
expressed as branch passage lines 52-», reformed gas supply
valves Vel~Ve3 are provided at the branch passage lines
52-1~52-3, respectively.

The reformed gas mutual use line 53-x is coupled to a
portion of the branch passage line 52-» in a location between
the reformer Rn and the reformed gas supply valve Ven. A
combustion gas supply line 56-» has the same configuration
as that of the combustion gas supply line 16-» and is provided
with a combustion gas valve Vbn. Note that the combustion
gas in this case is a reformed gas which is not supplied to the
fuel cell stack Fn yet. Specifically, the combustion gas supply
line 56-1 connected to the heat supply device B1 branches
from the branch passage line 52-1, the combustion gas supply
line 56-2 connected to the heat supply device B2 branches
from the branch passage line 53-2, and the combustion gas
supply line 56-3 connected to the heat supply device B3
branches from the branch passage line 52-3.

The reformed gas mutual use line 53-» is provided to
connect the branch passage line 52-» at a downstream side of
the corresponding reformer Rn to the three-way valve Vdn
located upstream of another reformer Rn. Specifically, the
reformed gas mutual use line 53-1 connects the branch pas-
sage line 52-1 at a downstream side of the reformer R1 to the
three-way valve Vd2 located upstream of the reformer R2.
The reformed gas mutual use line 53-2 connects the branch
passage line 52-2 at a downstream side of the reformer R2 to
the three-way valve Vd3 located upstream of the reformer R3.
The reformed gas mutual use line 53-3 connects the branch
passage line 52-3 at a downstream side of the reformer R3 to
the three-way valve Vd1 located upstream of the reformer R1.

Next, an operation method of the fuel cell system 50 con-
figured as described will be described specifically regarding
only a difference from that of Embodiment 1 or Embodiment
2.

In an initial state, the three-way valves Vd1~Vd3 provide
communication between the corresponding reformers Rn and
the corresponding reformed gas mutual use lines, respec-
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tively. Then, in step S101~step S104 in FIG. 4, the controller
Ct switches the three-way valve Vdl to allow the reformer R1
constituting the power generation unit Ul to communicate
with the raw material supply device Bt, and opens the
reformed gas supply valve Vel and the combustion gas valve
Vbl. Thereby, the raw material is supplied from the raw
material supply line 51 to the reformer R1 via the three-way
valve Vd1. The reformer R1 reforms the raw material into the
reformed gas.

A portion of the reformed gas generated in the reformer R1
is supplied to the combustion gas supply line 56-1 and used to
heat the reformer R1 by the heat supply device B1. The
remaining portion of the reformed gas is supplied to the fuel
cell stack F1 constituting the power generation unit U1. In the
power generation units U2 and U3, the reformed gas supply
valves Ve2 and Ve3 and the combustion gas valves Vb2 and
Vb3 are closed. Therefore, a portion of the reformed gas
generated in the reformer R1 is not supplied to the power
generation units U2 and U3.

Then, in step S108~step S111 in FIG. 4, the combustion
gas valve Vb2 is opened, and a portion of the reformed gas
generated in the reformer R1 is supplied to the reformer R2
via the reformed gas mutual use line 53-1 and the three-way
valve Vd2. The reformed gas supplied to the reformer R2 has
already been reformed in the reformer R1 as described above,
and thus flows out of the reformer R2 without substantially
changing its composition. This reformed gas is supplied to the
combustion gas supply line 56-2 and used to warm up the
reformer R2 by the heat supply device B2. Then, the combus-
tion gas valve Vb3 is opened, and a portion of this reformed
gas is supplied to the reformer R3 via the reformed gas mutual
use line 53-2 and the three-way valve Vd3. Then, the
reformed gas is supplied from the reformer R3 to the com-
bustion gas supply line 56-3 and used to warm up the reformer
R3 by the heat supply device B3.

If an electric power failure is detected, in step S113~step
S115in FIG. 4, the controller Ct switches the three-way valve
Vd2 to allow the reformer R2 to communicate with the raw
material supply device Bt and opens the reformed gas supply
valve Ve2 and the combustion gas valve Vb2. Thereby, the
raw material is supplied from the raw material supply line 51
to the reformer R2 via the three-way valve Vd2. The reformer
R2 reforms the raw material into the reformed gas. Thereby,
a portion of the reformed gas is supplied to the combustion
gas supply line 56-2 and used to heat the reformer R2 by the
heat supply device B2. The remaining portion of the reformed
gas is supplied to the fuel cell stack F2 and used in the power
generation therein.

Then, the controller Ct switches the three-way valve Vd3 to
allow the reformer R3 to communicate with the raw material
supply device Bt and opens the reformed gas supply valve Ve3
and the combustion gas valve Vb3. Thereby, the raw material
is supplied from the raw material supply line 51 to the
reformer R3 via the three-way valve Vd3. The reformer R3
reforms the raw material into the reformed gas. Thereby, a
portion of the reformed gas is supplied to the combustion gas
supply line 56-3 and used to heat the reformer R3 by the heat
supply device B3. The remaining portion of the reformed gas
is supplied to the fuel cell stack F3 and used in the power
generation therein. In this state, all of the three-way valves
Vd1~Vd3 shut off the corresponding reformed gas mutual
use lines 53-» and the corresponding reformers Rn, and there-
fore the reformed gas generated in a particular reformer is not
supplied to the heat supply device corresponding to another
reformer.

As described above, in the fuel cell system 50, as the
combustion gas of the heat supply device Bn, a portion of the
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reformed gas generated in the reformer Rn and supplied to the
fuel cell stack Fn is used instead of the oft-gas discharged
from the fuel cell stack Fn. Since the reformed gas contains
hydrogen as a major component, it is possible to extend the
life of the reformer Rn as compared to a case where the raw
material (typically, hydrocarbon based gas) remains inside of
the reformer Rn in the standby state.

That is, when the reformer Rn is not activated in the
standby state, the raw material remains inside of the reformer
Rn in the standby state. If the raw material contains a com-
ponent (for the purpose of easier explanation, referred to as
hydrocarbon based component) having a carbon framework
such as hydrocarbon, the hydrocarbon based component is
thermally decomposed to generate carbon particles (soot)
with a temperature increase due to the warm-up. If a great
amount of soot is generated, this soot covers a surface of a
reforming catalyst inside the reformer Rn, which impedes
proceeding of the reforming reaction. To solve this, the
reformed gas is used as the fuel gas of the heat supply device
Bn while flowing the reformed gas through the reformer Rn,
generation of the soot is avoided. As a result, the reforming
catalyst can be used for a long period of time.

In accordance with the present embodiment, energy con-
sumption in the standby state can be suppressed more effec-
tively and the life of the reformer Rn can be extended. Further,
by performing the power generation check concurrently,
more efficient operation control can be performed.

In the fuel cell system 50, as the fuel for the heat supply
devices B1~B3, a portion of the reformed gas supplied to the
fuel cell stack Fn is used. Like the fuel cell system 10 of
Embodiment 1, the off-gas mutual use line 13 is provided so
that a portion of the off-gas can be utilized as the fuel for the
heat supply devices B1~B3. In this case, the off-gas mutual
use line 13 is provided with an off-gas use valve, and the
three-way valve Vdn and the off-gas use valve are suitably
opened and closed. Thereby, as the fuel for the heat supply
devices B1~B3, the reformed gas generated in the reformer
Rn or the oft-gas discharged from the fuel stack Fn can be
used. For example, in the standby state, the reformed gas can
be used, while in the power generation state, the off-gas can
be used.

Embodiment 6

As shown in FIG. 9, a fuel cell system 60 of Embodiment
6 of the present invention has the same configuration as that of
the fuel cell system 10 of Embodiment 1 except that the fuel
cell stack Fn and the reformer Rn are enclosed by a heat
insulating member Hn, in the fuel cell system 60.

Specifically, as shown in FIG. 9, the fuel cell system 60
according to the present embodiment includes the desulfur-
ization device DO, the raw material supply device Bt, the
oxidizing gas supply device S0, the plurality of reformers
R1~Rn, the plurality of fuel cell stacks F1~F3, the plurality of
heat supply devices B1~B3, lines coupling them to each
other, and valves provided in these lines.

The fuel cell stack F1 is, for example, a solid oxide fuel cell
(SOFC) like Embodiment 1, and is enclosed together with the
reformer R1 by the heat insulating member H1. The heat
supply device B1 is provided inside of the heat insulating
member H1. The heat supply device B1 supplies heat to the
fuel cell stack F1 and the reformer R1. The fuel cell stacks F2
and F3 have the same configuration.

The desulfurization device D0 and the raw material supply
device Bt are connected to the raw material supply line 11.
The desulfurized raw material is supplied to the reformers
R1~R3 via the raw material supply line 11 and the raw mate-
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rial shut-off valves Val~Va3, respectively. The reformed gas
is supplied from each reformer Rn to the corresponding fuel
cell stack Fn via the corresponding reformed gas supply line
12-7. The fuel cell stack Fn is supplied with the oxidizing gas
such as air from the oxidizing gas supply device S0 via the
oxidizing gas supply line 14. The fuel cell stack Fn performs
power generation using the reformed gas and the oxidizing
gas.

The fuel cell stack Fn is enclosed together with the
reformer Rn and the heat supply device Bn by the heat insu-
lating member Hn. In the fuel cell stack F1, hydrogen in the
reformed gas is consumed with an amount corresponding to
power generation, so that off-gas is discharged from the fuel
cell stack F1. The off-gas which has not been consumed in the
power generation is supplied from the fuel cell stack Fn to the
heat supply device Bn via the combustion gas supply line 16-»
and the combustion gas valve Vbn. The combustion gas valve
Vbn is provided outside of the heat insulating member Hn.
Note that the fuel cell system 60 is not provided with the
reformed gas reuse lines 15-1~15-n.

In the fuel cell system 60 configured as described above,
the fuel shut-off valves Val~Va3 and the combustion gas
valves Vb1~Vb3 are actuated to supply the raw material and
the off-gas to only the reformer Rn which is to be activated,
among the reformers R1~R3. For example, in the case of
activating the reformer R1, only the fuel shut-off valve Val is
opened to supply the raw material only to the reformer R1 and
at the same time, the combustion gas valve Vbl is opened to
supply to the heat supply device B1 the off-gas having passed
through and discharged from the fuel cell stack F1. The heat
supply device B1 combusts the off-gas to maintain the tem-
perature of the reformer B1. Since the reformer B1 and the
fuel cell stack F1 are covered with the heat insulating member
H1, the heat supply device B1 can warm-up the reformer B1
and the fuel cell stack F1. In a case where the reformer R2 or
R3 is warmed-up, the combustion gas valve Vb2 or Vb3 is
opened to supply the off-gas to the heat supply device R2 or
R3, respectively.

In accordance with this configuration, like the fuel cell
system 10 of Embodiment 1, the combustion gas valves Vb2
and Vb3 as well as the combustion gas valve Vb1 are opened,
so that for example, the three reformers R1~R3 are warmed-
up and the fuel cell system 60 is in the standby state against an
electric power failure. When the fuel cell system 60 includes
four or more power generation units (see FI1G. 2), four or more
reformers R1~Rn can be warmed-up.

If an electric power failure occurs and a need for power
generation in the fuel cell stacks F1~F3 arises, the fuel shutoff
valves Va2 and Va3 are opened to supply the fuel to the
reformers R2 and R3. Since the reformers R2 and R3 have
been warmed-up to a temperature at which the fuel can be
reformed, they can generate the reformed gas as soon as the
fuel is supplied thereto. The fuel cell stacks F2 and F3 can
generate electric power upon the reformed gas being supplied
thereto.

The SOFC used in the fuel cell stack Fn is expanded or
contracted according to a change in a temperature. For this
reason, if a temperature change occurs frequently, this may
cause degradation such as damages to cells constituting a
stack. By comparison, in the present embodiment, the warm-
up operation is performed all the time, and the fuel cell stack
Fn is enclosed together with the reformer Rn and the heat
supply device Bn by the heat insulating member H1. This
makes it possible to carry out the operation while minimizing
a temperature change.

Numeral modifications and alternative embodiments of the
present invention will be apparent to those skilled in the art in
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view of the foregoing description. Accordingly, the descrip-
tion is to be construed as illustrative only, and is provided for
the purpose of teaching those skilled in the art the best mode
of carrying out the invention. The details of the structure
and/or function may be varied substantially without departing
from the spirit of the invention.

INDUSTRIAL APPLICABILITY

The present invention can suitably be used in fields of
backup power supplies for communication equipment, hos-
pitals, broadcast stations, etc., and can be widely used in fields
to which a fuel cell system is applicable.

REFERENCE SINGS LISTS

Bn, B1~B3 heat supply device

Ct controller

Ck power generation inspector

D0, Dn, D1~D3 desulfurization device

F0, Fn, F1~F3 fuel cell stack

Rn, R1~R3 reformer

Un, U1~U3 power generation unit

10, 20, 30, 40, 50, 60 fuel cell system

12-, 12-1~12-3 reformed gas supply line

13 off-gas mutual use line (reformed gas mutual use line)

15-n, 15-1~15-3 reformed gas reuse line

22 reformed gas supply line

42-n, 42-1~42-3 reformed gas supply line

52 reformed gas supply line

81 communication base station (electric power consump-
tion equipment)

84 utility power net (power supply system)

The invention claimed is:

1. A fuel cell system comprising:

a plurality of reformers for reforming a raw material to
generate a reformed gas containing hydrogen;

a plurality of fuel cell stacks for generating electric power
using the reformed gas supplied from the reformers, the
plurality of fuel cell stacks corresponding to the plurality
of reformers, respectively;

heat supply devices provided as corresponding to the
reformers, respectively, each of the heat supply devices
being configured to combust the reformed gas to supply
heat to corresponding one of the reformers;

areformed gas mutual use line through which the reformed
gas generated in each of the reformers is supplied to the
heat supply device corresponding to each of the reform-
ers and the heat supply device corresponding to another
one of the reformers; and

reformed gas supply lines, each connecting each of the
plurality of reformers to corresponding one of the plu-
rality of fuel cell stacks, in one-to-one correspondence.

2. The fuel cell system according to claim 1,

wherein the reformed gas mutual use line is an off-gas
mutual use line through which a portion of an oft-gas is
supplied to the heat supply device corresponding to
another one of the reformers, the oft-gas being the
reformed gas supplied from each of the plurality of
reformers to corresponding one of the plurality of fuel
cell stacks and discharged from the corresponding one
of the plurality of fuel cell stacks.

3. The fuel cell system according to claim 1, further com-

prising:

a desulfurization device which removes a sulfur compo-
nent from the raw material through a hydrogenated des-
ulfurization reaction and supplies to the plurality of
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reformers, the raw material from which the sulfur com-
ponent has been removed; and

a reformed gas reuse line which returns a portion of the
reformed gas generated in the plurality of reformers to
the desulfurization device.

4. The fuel cell system according to claim 3,

wherein the desulfurization device includes a plurality of
desulfurization devices corresponding to the plurality of
reformers, respectively.

5. The fuel cell system according to claim 1, further com-

prising:

a combustion gas supply line through which the reformed
gas generated in each of the reformers is supplied to the
heat supply device corresponding to the each of the
plurality of reformers.

6. The fuel cell system according to claim 5,

wherein the reformed gas mutual use line is configured to
supply a portion of the reformed gas generated in each of
the plurality of reformers and supplied to at least one of
the plurality of fuel cell stacks to the heat supply device
corresponding to another one of the plurality of reform-
ers, via the another one of the plurality of reformers and
the combustion gas supply line.

7. The fuel cell system according to claim 1, further com-

prising:

a controller;

wherein the controller performs control in such a manner
that:

when at least one of the plurality of reformers is activated
with remaining reformers being deactivated, and at least
one of the remaining reformers being deactivated should
start to be activated,

the reformed gas generated in the at least one reformer
being activated is supplied through the reformed gas
mutual use line, to one of the heat supply devices corre-
sponding to the at least one of the remaining reformers
which should start to be activated to warm-up the at least
one of the remaining reformers which should start to be
activated by using the heat supply device, and then the at
least one of the remaining reformers which should start
to be activated is activated and the at least one of the
plurality of reformers being activated is deactivated.

8. The fuel cell system according to claim 7, further com-

prising:

a power generation inspector for inspecting a power gen-
eration state of at least one of the plurality of fuel cell
stacks;

wherein the controller performs control in such a manner
that the at least one of the plurality of fuel cell stacks
supplied with the reformed gas from the at least one
reformer being activated starts power generation, the
power generation inspector inspects a power generation
state of the power generation performed in the at least
one of the plurality of fuel cell stacks, and the power
generation in the at least one of the plurality of fuel cell
stacks is stopped after the inspection.

9. The fuel cell system according to claim 8,

wherein the controller performs control in such a manner
that after inspection for the power generation state of one
of'the plurality of fuel cell stacks is completed and power
generation in the one of the plurality of fuel cell stacks is
stopped, power generation in another fuel cell stack is
started, and the power generation inspector inspects a
power generation state of the power generation per-
formed in the another fuel cell stack.
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10. The fuel cell system according to claim 1, further
comprising:
a controller;
wherein the controller performs control in such a manner
that, when a first reformer of the plurality of reformers is
activated with remaining reformers being deactivated,
and a second reformer of the remaining reformers being
deactivated should start to be activated, the reformed gas
generated in the first reformer is supplied through the
reformed gas mutual use line, to one of the heat supply
devices, which corresponds to the second reformer, to
warm-up the second reformer by using the heat supply
device, and then the second reformer is activated and the
first reformer is deactivated.
11. A method of operating a fuel cell system including
reformers for reforming a raw material to generate a reformed
gas containing hydrogen; at least one fuel cell stack for gen-
erating electric power using the reformed gas supplied from
the reformers; and heat supply devices provided as corre-
sponding to the reformers, respectively, each of the heat sup-
ply devices being configured to combust the reformed gas to
supply heat to corresponding one of the reformers; and a
reformed gas mutual use line through which the reformed gas
generated in each of the reformers is supplied to the heat
supply device corresponding to each of the reformers and the
heat supply device corresponding to another one of the
reformers; the method comprising:
in a state in which the fuel cell system is in a standby state
against emergencies, activating at least one of the
reformers and deactivating remaining reformers; and

when at least one of the reformers being deactivated starts
to be activated, deactivating the at least one of the
reformers being activated.

12. The method of operating the fuel cell system according
to claim 11, further comprising:

in a state in which the fuel cell system is in a standby state

against emergencies, supplying the reformed gas gener-
ated in the at least one of the reformers being activated to
the heat supply device corresponding to the at least one
of the reformers being deactivated via the reformed gas
mutual use line to warm-up the at least one of the reform-
ers being deactivated by using the heat supply device.

13. The method of operating the fuel cell system according
to claim 12, further comprising:

in a state in which the fuel cell system is in a standby state

against emergencies,

causing the at least one fuel cell stack supplied with the

reformed gas from the at least one of the reformers being
activated to start power generation;

inspecting a power generation state of the power genera-

tion performed in the at least one fuel cell stack; and
causing the at least one fuel cell stack to stop the power
generation after the inspection.

14. The method of operating the fuel cell system according
to claim 13, wherein:

the fuel cell system includes a plurality of fuel cell stacks,

and

the method further comprises:

in a state in which the fuel cell system is in a standby state

against emergencies,
inspecting a power generation state of one of the fuel cell
stacks and stopping power generation in the one of the
fuel cell stacks after the inspection is completed;

causing another fuel cell stack to start power generation;
and

inspecting a power generation state of the power genera-

tion performed in the another fuel cell stack.
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15. The method of operating the fuel cell system according
to claim 14, wherein:

the fuel cell system includes a plurality of power genera-
tion units each of which is configured such that one
reformer supplies the reformed gas to one fuel cell stack,
and

the method further comprises:

in a state in which the fuel cell system is in a standby state
against emergencies, inspecting power generation states
of the power generation units sequentially one by one.

16. The method of operating the fuel cell system according

to claim 11, further comprising:

in a state in which the fuel cell system is in a standby state
against emergencies, detecting whether or not electric
power supply from a power supply system to electric
power consumption equipment supplied with electric
power from the fuel cell system and the power supply
system is stopped;

maintaining the standby state in the fuel cell system in a
state in which a flow rate of the raw material supplied to
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the at least one reformer being activated is reduced to be
smaller than a flow rate of the raw material in a normally
activated state of the at least one reformer, when stop of
the electric power supply is not detected; and

increasing the flow rate of the raw material supplied to the
at least one reformer being activated to the flow rate of
the raw material in the normally activated state of the at
least one reformer, and starting activation of the at least
one reformer being deactivated to shift the fuel cell
system from the standby state to a power generation
state, when the stop of the electric power supply is
detected.

17. The method of operating the fuel cell system according

to claim 11, further comprising:

in a state in which the fuel cell system is in a standby state
against emergencies, changing a ratio of the reformer
being activated to the reformer being deactivated,
among the reformers, depending on a time period.
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